Mainly due to their low weight, low cost and ease of assembly, the adhesive bonds have emerged as a promising technology. However, the lack of adequate tools of design and control remain an obstacle to the use of the adhesives. In this work a cohesive interface model formulated within the framework of damage mechanics is applied for the simulation of decohesion during crack propagation tests. Considering the mechanical tests of aluminium/epoxy specimens, comparisons between experimental and numerical results are presented.
Pure-mode model

28
The adhesive joint here considered consists of two elastic bodies (adherends) joined by a 29 plane adhesive layer whose thickness is assumed to be negligible compared to both that of the 30 joined bodies and to its in-plane dimensions. These features enable the adhesive layer to be 31 conveniently schematized as an interface, i.e. as a zero-thickness surface entity which ensures Assuming that the displacement jump [u] = u + − u − at the interface in one direction is 34 small in the usual sense, the elastic damage model for the interface can be derived based on a 35 stored energy function defined as:
where D ∈ [0, 1] denotes a scalar damage variable in the usual sense, the symbols ⟨⋅⟩ + and ⟨⋅⟩ − 37 stand for the positive and negative part of the argument ⟨⋅⟩, defined as ⟨x⟩ ± = 1 /2 (x ± |x|), and 38 k + and k − are the undamaged interface stiffnesses in tension and compression, respectively, 39 the latter representing a penalty stiffness accounting for the impenetrability constraint.
40
The associated interface traction in the direction of the jump is then the following:
The damage driving force is classicaly defined by:
The damage evolution is subjected to the classical loading/unloading conditions:
where the damage threshold Y * is defined by:
The energy dissipated in the decohesion process is:
where Γ is the Gamma function [5], defined by:
The traction-separation relationship for this model is depicted in Fig. 2 . 
The stored energy function takes the following form: 
n and s being the outward unit normal and the unit tangent vector to the interface, see also Fig. 1.
60
The constitutive equations for the interface traction vector t and the damage driving force 61 are obtained in the usual way as:
The energy release rate for the two modes are:
In the above equation and in the remainder of the paper the subscript m is appended to 64 the mixed-mode variables in order to emphasize the difference with the analogous unsuffixed 65 variables, that refer to the single-mode case.
66
Based on the above relationships, the equivalent mixed-mode energy release rate Y m can 67 be expressed as
where δ is an equivalent opening displacement given by
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a mixed-mode parameter β can be defined as
where φ is the loading angle
The expressions of the pure-mode contributions (12) follow as
The cohesive relationship can thus be reformulated as
where t δ is an equivalent scalar traction
being the normal and sliding components of the traction vector
Having identified the damage-driving force as the mixed-mode energy release rate (13), one 77 can specify the evolution equations as
along with the KKT conditions:
for the damage mode: 
The damage onset is obtained according to the following criteria:
where G oI and G oII are the initial pure-mode damage thresholds while α 1 and α 2 are model 90 parameters to be chosen in accordance with experimental data, that are assumed to be both 91 strictly positive and non-necessarily integer.
92
For α 1 = α 2 the initial mixed-mode threshold Y mo can be computed:
For the delamination propagation, the well-known ellipse criterion is assumed [9] .
where the exponents β 1 et β 2 are strictly positive reals while the mode I and mode II released 95 energies are given by
For the particular case of β 1 = β 2 the propagation of decohesion takes place for:
where G T c is computed as the total work of separation: 
100
In particular, taking for F m one of the expressions used in the one-dimensional case, i.e. :
According to the damage evolution law, one has the expression of the parameter Y mf as:
oú Γ est la fonction Gamma [5].
103
One can see that the interface model takes into account the modification of the mixed mode 104 ratio during the loading path. Figure( 3) presents the behaviour of the model for mixed mode.
105
This model has been implemented in the Finite Element Code CAST3M, where it can be 106 used for simulation of damage evolution in adhesively bonded joints. 
MECHANICAL TESTS
108
The parameters of the interface model are the undamaged stiffnesses (k n and k s ), the acti- 
116
The activation energies G oi and the critical energies G ci can be indentified straight from 117 classical crack propagation test results.
118
The tests depend on the load application mode used to propagate the crack. The double-119 cantilever bean (DCB) and the end-notched flexure (ENF) are pure mode I and pure mode II 120 tests, respectively. We can also have mixed-mode tests like the mixed-mode flexure (MMF).
121
These test are presented schematically in Fig.( 4) 
122
Due to their boundary conditions simpler than mode I tests, ENF and MMF tests were 123 performed in this work.
124
The samples tested consist of two 3mm thick and 20mm wide aluminum plates bonded 125 with a layer of 0.5mm of epoxy. They were tested using a traction/compression machine (MTS 
131
show that the structure compliance depends on the length of the initial crack as expected. 
NUMERICAL RESULTS
133
Numerical simulations and tests results must be compared to evaluate the parameters of the 
149
To simulate a MMF test, the FE mesh showed in Fig. ( 7) is used. It is composed by 
